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1
NON CHATTERING PRESSURE RELIEF
VALVE

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/675,902 filed Jul. 26, 2012, which is
hereby incorporated herein by reference.

FIELD OF INVENTION

The present invention relates generally to pressure relief
valves, and more particularly to a non chattering relief valve
suitable for use in, for example, fuel lines of engine systems.

BACKGROUND

A pressure relief valve (PRV) is a safety device which is
designed to divert pressure in the event that a pressurized
system of some kind encounters a problem which leads to a
dangerous rise in pressure. In the event that pressure in the
system becomes too high, instead of blowing out the entire
system or damaging system components, the pressurized liq-
uid or gas will vent from the pressure relief valve, bringing the
pressure back down and preventing a serious incident. Pres-
sure relief valves can be set to open at a specific pressure.

In one application, relief valves may be incorporated into a
PRV assembly to be used on a fuel line of an engine system,
to release fluid and maintain pressure in the system based on
a preset pressure value.

SUMMARY OF INVENTION

Exemplary valves reduce or eliminate valve chattering.
This is a common problem with relief valves operating in or
around the pressure range the valve is designed to open at. In
systems using conventional valves, oscillation caused har-
monics in the system create localized air bubbles that burst
along the inner wall of the fuel line tubing downstream from
the valve. This bursting of air bubbles in the system can cause
localized zones of the fuel line tubing wall to erode. Exem-
plary valves reduce or eliminate this and other chatter prob-
lems.

Therefore, according to one aspect of the invention, a pres-
sure relief valve includes a valve body having an inlet and an
outlet and defining a first fluid path fluidly connecting the
inlet and the outlet of the valve; a valve member axially
moveable between a first position and a second position, the
valve member configured to close the fluid path in the first
position and thereby restrict flow between the inlet and the
outlet, the valve member configured to open the fluid path in
the second position and thereby allow flow between the inlet
and the outlet; a biasing element configured to bias the valve
member in the first position; and a friction element resiliently
biased laterally against an axially extending surface of the
valve member to provide frictional resistance to movement of
the valve member and thereby cause hysteresis in axial move-
ment of the valve member between the first position and the
second position.

Optionally, the friction element is a friction ring sur-
rounded by a canted spring.

Optionally, the friction ring is a segmented friction ring.

Optionally, the segmented friction ring includes three seg-
ments.

Optionally, the segmented friction ring includes two seg-
ments.

Optionally, the friction ring includes a scarf cut.
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Optionally, the friction element is an o-ring.

Optionally, the friction element is a flexible spring ener-
gized seal.

Optionally, the valve member is a poppet that seals against
a valve seat.

Optionally, the pressure relief valve includes an annular
spacer in line with the fluid path and configured to remain
fixed relative to the body; and includes a poppet chamber in
the spacer.

Optionally, a venting hole in the spacer fluidly connects the
poppet chamber to the fluid path.

According to another aspect of the invention, a pressure
relief valve includes a housing surrounding a first fluid path
that fluidly connects an upstream flow passage and a down-
stream flow passage of the housing, the upstream flow pas-
sage being axially aligned with the downstream flow passage;
an annular spacer in line with the first fluid path and config-
ured to remain fixed relative to the housing; a poppet chamber
in the spacer; a poppet configured to slide axially within the
poppet chamber and having a head to seal against a valve seat
in the housing, wherein in a first closed position, the poppet
prevents fluid flow through the first fluid path, and in a second,
open position, the poppet allows fluid flow through the first
fluid path; and a biasing element configured to bias the poppet
outwardly from the chamber of the spacer into the first closed
position, wherein a portion of the first flow path is between the
housing and the spacer.

Optionally, a friction element is configured to press later-
ally against an axially extending surface of the poppet and
causes hysteresis in axial movement of the poppet between
the first position and the second position.

Optionally, a venting hole in the spacer fluidly connects the
poppet chamber to the first flow path.

Optionally, the friction element is a friction ring sur-
rounded by a canted spring

Optionally, the friction element is an o-ring.

Optionally, the friction element is a flexible spring ener-
gized seal.

The foregoing and other features of the invention are here-
inafter described in greater detail with reference to the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a conventional pressure relief valve with flow
from a back end of the poppet through the inner diameter of
the poppet to the front of the poppet;

FIG. 2 shows a conventional pressure relief valve with flow
from the front of the poppet through the inner diameter of the
poppet to the back end of the poppet;

FIG. 3 shows an exemplary non-chattering pressure relief
valve at valve open position;

FIG. 4 shows an exemplary non-chattering pressure relief
valve at valve closed position;

FIG. 5 shows an exemplary pressure relief valve with a
flexible spring energized seal as a valve oscillating damping
mechanism;

FIG. 6 shows an exemplary pressure relief valve with an
o-ring as a valve oscillating damping mechanism;

FIG. 7 shows an exemplary pressure relief valve with fric-
tion ring segments and a canted spring as a valve oscillating
damping mechanism;

FIG. 8 shows an exemplary metal segmented friction ring
in three segments;

FIG. 9 shows an exemplary metal segmented friction ring
in two segments;
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FIG. 10 shows an exemplary friction ring with a wide scarf
cut.

DETAILED DESCRIPTION

Referring to FIGS. 1 and 2, in conventional pressure relief
valves (PRV), the valving mechanism 10 may include a valve
member 12 (e.g., a poppet or the like), spring element 14 (e.g.,
a spring, diaphragm or the like), and a valve body or housing
16. Before the inlet fluid pressure reaches its preset relief
pressure, the spring loaded poppet sits on the sealing dia-
metrical area of the housing 16 and seals the fluid from
flowing in the inlet 17a of the PRV. When the system inlet
fluid pressure reaches the preset valve cracking pressure of
the PRV, the poppet 12 of the PRV is forced to move from its
sealing position on the valve seat to its unseated position by
the fluid. That opens the flow passage allowing the fluid to
pass through the inlet 174 to the outlet 1756 of the PRV.

It should be noted that for the sake of conciseness, the valve
member is sometimes herein referred to as, and is illustrated
herein as being, a poppet. However, it should be understood
that embodiments may include other types of valve members.

In the conventional PRV, the flow passage is designed to
allow the system fluid to flow from the inlet 174, go around
the poppet head 18 and through the poppet’s flowing win-
dows to poppet’s inner diameter and flow out through the
outlet 176 of PRV (FIG. 2), or inversely, allow the system
fluid to flow from the inlet 17a through poppet’s inner diam-
eter through the poppet’s flowing windows and go around the
poppethead 18 and flow out to the outlet 1756 of the PRV (FIG.
1).

In some applications (for example, in engine fuel system
applications) the flow rate the PRV is required to work in is
too wide of a range (i.e., from very small to very large). Due
to the large flow rate requirement, the flow passage of the PRV
is designed to have a large flow rate capacity, but at the same
time also requires a very low flow to pass through that same
passage. At these lower flow rates valve chattering can easily
be triggered by a small disrupted flow or mechanically intro-
duced vibration on the system tubing. In summary, the tradi-
tional PRV valve chattering is a natural mechanical defect in
the design. It can always occur in certain situations.

In the situation of a low flow rate, the fluid in the inlet side
of the PRV begins to build in pressure. Once the inlet side
pressure exceeds the preset cracking pressure of the PRV, the
valve (poppet) is pushed open by the fluid. Once the valve
opens, the fluid suddenly escapes from the inlet side of the
PRV to the outlet side. At that time, the inlet side of PRV
pressure decreases due to the small amount of fluid escaping
to the outlet side. In this situation, the poppet (valve) is pushed
back to its seated position by the spring and seals the flow on
the inlet side of the PRV. Immediately more fluid flows into
the inlet side of the PRV and begins building pressure again,
repeating the entire process. [f the spring loaded poppet open-
ing and closing the inlet of PRV synchronizes with the pulse
of the discrete fluid flowing into the PRV and also if this
synchronization frequency matches the natural frequency of
the poppet spring of the PRV, the spring-poppet system of the
PRV will generate chattering or oscillating.

Valve chattering or oscillating is a very serious problem for
the PRV, especially in fuel system applications. First it will
dramatically reduce the usage life of the PRV. Second, the
valve chattering will cause system pressure fluctuation and
discrete fluid flow. The pressure fluctuation and discrete fluid
flow will generate cavitations and form vortices and air
bubbles in the stream of flow. Even worse, if these air bubbles
continue to be produced and flow along the system tubing and
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burst on the wall of the tubing at the same location, the tubing
wall will begin to erode. If this point is reached, it will not take
long for pin holes to form in the tubing wall. Fuel will begin
to leak through these pin holes into the exterior of the system
and could cause a catastrophic failure of the engine system.
By eliminating the valve chattering in a PRV it can eliminate
the vortices and air bubbles in the system, ultimately prevent-
ing the engine fuel system from a catastrophic failure.

Exemplary Non Chattering Pressure Relief Valves
(NCPRV) basically resolve the valve chattering problem
throughout the entire flow rate range. As shown in FIGS. 3-7,
the NCPRV 100, 200, 300, 400 may include a valve body 110,
210, 310, 410 a valve member (e.g., a poppet) 120, 220, 320,
420 a biasing element (e.g., a spring) 130, 230, 330, 430 and
a friction element 140, 240, 340. Other optional features of
the NCPRYV include a canted spring 142, 242, 442, spacer
150, 250, 450, O-ring 160, back up ring 165 and lockwire
170, 270, 370, 470.

When the system pressure on the inlet 1174 is increased to
higher than the preset relief pressure, the system fluid pushes
the valve member (poppet) 120 to leave its seat 122 and open
the flow passage. The system fluid will flow from the inlet side
to the outlet side of NCPRV and it relieves the inlet system
pressure. On the other hand, when the system pressure in the
inlet 117a is reduced to below the preset reseat pressure, the
valve member (poppet) 120 will be pushed back to its seating
position by the spring 130 and close the flow passage. The
system fluid flow will be stopped from the inlet 1174 to outlet
1176 of the NCPRV 100. That way, the inlet pressure is
always maintained in a preset pressure range to satisfy system
operating requirements (for example, an engine fuel system’s
operating requirement).

The valve body 110 defines a first fluid 112 path fluidly
connecting an upstream side of the valve (inlet) and a down-
stream side of the valve (outlet). The valve body 110 may
include a valve seat 122 (alternatively, the valve seat may be
formed on a separate element) for the valve member (poppet)
120 to seal against.

The valve body 110 may include one or more valve hous-
ings, for example, an inner housing 116 and an outer housing
114. Inthe illustrated example, the valve seat 122 is part of the
inner housing 116. The inner housing 116 and outer housing
114 may be coupled together in various manners, but are
threaded together in the illustrated example. The threads
locking mechanism may be formed by the lockwire 170. The
lockwire 170 is connected the inner housing 116 and outer
housing 114 through the lockwire holes 171 to prevent the
joint threads of the inner housing 116 and outer housing 114
from unscrewing.

The valve member 120 may be axially moveable between
a first position and a second position. In the first position, the
valve member closes the fluid path to thereby restrict flow
between the inlet 117a and the outlet 1175. In the second
position, the valve member opens the fluid path to thereby
allow flow between the inlet 1174 and the outlet 1175. The
valve member may be a poppet 120 biased by a spring 130.

The biasing element 130 or spring biases the valve member
120 into the first position. In other words, the biasing member
130 biases the valve member closed. The strength of the
spring 130 may be preset and selected to set the pressure at
which the relief valve operates. Alternatively, the spring force
may be adjustable.

When the valving of PRV starts to oscillate at certain low
flow rates, there is a damping mechanism, the friction element
140, built into the NCPRYV that stops the valve from oscillat-
ing. The friction element 140 presses laterally against a side
of'the valve member and causes hysteresis in axial movement
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of the valve member 120 between the first position and the
second position. In an exemplary valve 100, the friction ele-
ment includes a friction ring 143 and canted spring 142. The
spring loaded friction ring 143 may always be in contact with
the poppet 120.

The friction element 140 is not limited to using a friction
ring 143 and canted spring 142. An alternative design may use
a flexible spring 242 energized seal 243 with a modified
female gland (see FIG. 5), a standard (usually stretched)
O-ring 340 with a modified female gland (see FIG. 6), or a
metal segmented friction ring 443 loaded with a canted spring
442 (see FIG. 7).

FIGS. 8 and 9 show exemplary segmented friction rings
543, 643, and FIG. 10 shows a detail view of an exemplary
friction ring 743 with a wide scarf cut design. The friction ring
743 having a wide scarf cut design is particularly resistant to
wear because, as the inner diameter of the ring wears from
friction with the poppet, the ring may compress, closing the
scarf, and maintain good contact with the poppet. The wide
scarf cut also insures good contact in high temperature envi-
ronments where thermal expansion could otherwise cause
contact issues.

The annular spacer 150 may be in line with the fluid path
and configured to remain rotationally fixed relative to the
valve body 110. The spacer 150 may include a poppet cham-
ber 152 in which the poppet is situated. The spacer 150 may
also include a venting hole 154 fluidly connecting the poppet
chamber 152 to the fluid path 112.

As shown in the FIG. 3, when the inlet pressure exceeds the
presetrelief pressure, the poppet 120 is pushed from its seated
sealing position opening the flow passage for fluid to flow
from the inlet 1174 to outlet 1176 of NCPRV 100. The flow
passage is formed or defined by the inner housing 116, poppet
120, outer housing 114 and spacer 150.

AS type fittings integral to the inner housing 116 and outer
housing 114 may connect to the system inlet and outlet tub-
ing’s respectively. There may be for example, three tangs and
slots on the end of inner housing 116 and spacer 150. These
tangs and slots engage to prevent rotation of the spacer 150
relative to the inner housing 116, guaranteeing the inlet and
outlet windows of the inner housing 116 and spacer 150 are
always aligned with each other, maintaining the streamline
flow in addition to achieving a low pressure drop.

As shown in FIG. 3, the o-ring 160 and the backup ring 165
are carried by the piston groove of the inner housing 116 to
seal the external leak path between the inner housing 116 and
the outer housing 114.

Installation of exemplary NCPRV’s may include connect-
ing the inlet and outlet fittings to the inlet and outlet of the
system tubing. The relief pressure of NCPRV may be preset.
At normal condition, the system inlet pressure is below the
preset relief pressure of NCPRV. The valve member (poppet)
120 of NCPRYV is in the pushed forward location, sitting on
the valve seat closing the flow passage. The system fluid is not
allowed to bypass the valve seat and maintains the inlet pres-
sure within the pressure range between valving reseat and
crack pressures.

As shown in the FIG. 3, during engine operation, when the
system inlet pressure reaches the preset relief pressure (i.e.,
cracking pressure) the pressure force that acts on the valve
member (poppet) 120 head will be greater than the preset
spring force that is applied on the poppet’s inner end, the fluid
pushes the poppet 120 to the open or flow position leaving its
seated sealing area. Fluid will flow from the inlet fitting 121a
through inner housing inlet windows, enter into the annular
area between the inner housing 116 and outer housing 114
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6

and flow through the outlet windows of the inner housing 116
and the spacer 150 and then flow out through the outlet 1175
of the outer housing 114.

When the system Inlet pressure is released to lower than the
preset reseat pressure, the spring force overcomes the inlet
pressure force and the spring 130 pushes the valve member
(poppet) 120 back to its seated sealing position and seals the
flow passage of the PRV as shown in FIG. 4.

During normal operation of conventional PRVs, there are
some conditions existing that trigger the valve member (pop-
pet) to oscillate. These conditions include a) low flow rates
and b) fluid flow or mechanical introduced vibration on the
system tubing. However, there is a built in oscillating damp-
ing mechanism on the NCPRYV, i.e., the friction element. The
friction element 140 is always in contact with the poppet 120
and generates a certain amount of friction force that is applied
on the sliding surface of the poppet 120, thus adding hyster-
esis to the system. This friction force or hysteresis will
dampen the oscillating immediately once the valve chattering
occurs, i.e. this friction force will interrupt the harmonic
oscillation of the poppet-spring system and dampen the valve
chattering.

Another design feature of exemplary NCPRVs which
reduces chattering is a flow path which goes around the pop-
pet. Unlike traditional PRV design which has a flow path that
goes through the body of the poppet, exemplary NCPRVs
divert the flow path around the poppet body. This way, the
fluid dynamic pressure that acts on the side of the poppet will
be eliminated. This greatly reduces the flow-induced vibra-
tion on the poppet in the radial/lateral direction, which is one
of'the biggest factors that generate chattering in the valve and
pressure oscillation between the valve inlet and outlet. Fur-
ther, the required force to dampen the valve oscillating will
also be significantly reduced. This will significantly reduce
the PRV hysteresis between the valve opening and closing
during the PRV operation.

Referring to FIGS. 5-7, exemplary embodiments of the
NCPRYV are shown. The NCPRV's 200, 300, 400 are substan-
tially the same as the above-referenced NCPRV 100, and
consequently the same reference numerals but indexed by
100 are used to denote structures corresponding to similar
structures in the NCPRV. In addition, the foregoing descrip-
tion of the NCPRV 100 is equally applicable to the NCPRV's
200, 300, 400 except as noted above. Moreover, it will be
appreciated upon reading and understanding the specification
that aspects of the NCPRVs may be substituted for one
another or used in conjunction with one another where appli-
cable.

Additionally, exemplary friction rings are shown in detail
in FIGS. 8-10. These friction rings 543, 643, 743 served
substantially the same purposes as those used in the exem-
plary NCPRVs 100, 200, 300, 400 and consequently the same
reference numerals but indexed by 100 are used to denote
structures corresponding to similar structures in the friction
rings. Moreover, it will be appreciated upon reading and
understanding the specification that aspects of the friction
rings may be substituted for one another or used in conjunc-
tion with one another where applicable.

Although the invention has been shown and described with
respectto a certain embodiment or embodiments, it is obvious
that equivalent alterations and modifications will occur to
others skilled in the art upon the reading and understanding of
this specification and the annexed drawings. In particular
regard to the various functions performed by the above
described elements (components, assemblies, devices, com-
positions, etc.), the terms (including a reference to a “means”
used to describe such elements are intended to correspond,
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unless otherwise indicated, to any element which performs
the specified function of the described element (i.e., that is
functionally equivalent), even though not structurally equiva-
lent to the disclosed structure which performs the function in
the herein illustrated exemplary embodiment or embodi-
ments of the invention. In addition, while a particular feature
of the invention may have been described above with respect
to only one or more of several illustrated embodiments, such
feature may be combined with one or more other features of
the other embodiments, as may be desired and advantageous
for any given or particular application.

What is claimed is:

1. A pressure relief valve comprising:

a valve body having an inlet and an outlet and defining a
first fluid path fluidly connecting the inlet and the outlet
of the valve;

a valve member axially moveable between a first position
and a second position, the valve member configured to
close the fluid path in the first position and thereby
restrict flow between the inlet and the outlet, the valve
member configured to open the fluid path in the second
position and thereby allow flow between the inlet and the
outlet;

a biasing element configured to bias the valve member in
the first position; and

a friction element resiliently biased laterally against an
axially extending surface of the valve member to provide
frictional resistance to movement of the valve member
and thereby cause hysteresis in axial movement of the
valve member between the first position and the second
position,

wherein the friction element is a friction ring surrounded
by a canted spring.

2. The pressure relief valve of claim 1, wherein the friction

ring is a segmented friction ring.

3. The pressure relief valve of claim 2, wherein the seg-

mented friction ring includes three segments.

4. The pressure relief valve of claim 2, wherein the seg-

mented friction ring includes two segments.

5. The pressure relief valve of claim 1, wherein the friction

ring includes a scarf cut.
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6. The pressure relief valve of claim 1, wherein the valve
member is a poppet that seals against a valve seat.

7. The pressure relief valve of claim 6, further comprising
an annular spacer in line with the fluid path and configured to
remain fixed relative to the body; and

a poppet chamber in the spacer.

8. The pressure relief valve of claim 7, wherein a venting
hole in the spacer fluidly connects the poppet chamber to the
fluid path.

9. A pressure relief valve, comprising:

ahousing surrounding a first fluid path that fluidly connects
an upstream flow passage and a downstream flow pas-
sage of the housing, the upstream flow passage being
axially aligned with the downstream flow passage;

an annular spacer in line with the first fluid path and con-
figured to remain fixed relative to the housing;

a poppet chamber in the spacer;

a poppet configured to slide axially within the poppet
chamber and having a head to seal against a valve seat in
the housing, wherein in a first closed position, the poppet
prevents fluid flow through the first fluid path, and in a
second, open position, the poppet allows fluid flow
through the first fluid path;

a friction element configured to press laterally against an
axially extending surface of the poppet and cause hys-
teresis in axial movement of the poppet between the first
position and the second position; and

a biasing element configured to bias the poppet outwardly
from the chamber of the spacer into the first closed
position,

wherein a portion of the first fluid path is between the
housing and the spacer, and

wherein the friction element is a friction ring surrounded b
a canted spring.

10. The pressure relief valve of claim 9, wherein the fric-

tion ring includes a scarf cut.

11. The pressure relief valve of claim 9, wherein a venting
hole in the spacer fluidly connects the poppet chamber to the
first fluid path.



